Abstract
Introduction
The experimental conditions and test φ-q-n samples generated for each PD fault type is 128 shown in Table 1 . For each fault, relatively large φ-q-n samples were generated so as to 129 determine reliable 95% mean CI limits for improved evaluation by the SNN and ENN. For 130 corona in air, measurements were taken at several voltages over two gap distances of 5mm 131 and 10mm because of the discharge behaviour of the positive corona discharge which have 132 low repetition rate and higher amplitude [18] . They are then combined to form the φ-q-n 133 corona set for SNN and ENN evaluation. Table 1 : PD fault types with the test voltages and corresponding φ-q-n samples.
137

Experimental test arrangement
139
The PD measurement process was performed in accordance with the IEC60270 PD 140 standard [19] . The PD detection system produces a power cycle whioch is used to synchronize 141 real time φ-q-n patterns and possess functions for automatic data logging these patterns at 142 different time periods as well as controlling changes in PR and AB sizes. This is important 143 for the work presented in this paper, as several experiments require longer stressing periods 144 and data is required to be captured and stored systematically over certain resolution size for 145 analysis. PD calibration was carried out for PD apparent charge determination. For φ-q-n evaluation, statistical fingerprints have been widely applied because of their 149 capability for well-defined pattern quantification [1, 15] . In order to simplify the φ-q-n 150 analysis, statistical fingerprints are usually extracted from 2D plots derived from the φ-q-n the cross-correlation (cc), discharge factor (Q) and modified cross-correlation (mcc).
159
Definitions of these statistical parameters are available in [1] and their mathematical 160 expressions are shown in Table 2 . In this table, µ represents the mean value, σ is the standard 161 deviation, n represents the size of the data and P j is the probability of the discrete values 
184
The prediction of the Dynamically Averaged Network (DAN) can be computed as follows: were not considered, because they are found to be insensitive to different resolution sizes. For 223 Q, the mean discharge level is undoubtedly the same for any φ-q-n resolution changes, while 224 for cc the correlation of the positive and the negative half power cycles remain unchanged for 225 φ-q-n resolution variations.
227
As an example, the influence of the change in PR and AB sizes on phase and amplitude 228 resolved patterns for surface discharge in air is shown in Fig.4 . The φ-q-n patterns were 229 initially captured at 1° PR and 100 AB. Then, two approaches were implemented for data 230 transformation. First, φ-q-n fingerprints were captured at 1° PR and 100 AB over the 360 o 231 cycle and transformed to 3°, 6°, 9°, 12° and 15° PR, keeping the AB size constant. Second,
232
based on the transformation of the φ-q-n fingerprint in the first strategy, samples having 6°
233
PR and 100AB are futher transformed to 50 AB and 25 AB, keeping the PR size constant.
234
The plots visually show that as the resolution is varied from 1° to 15° or 100 AB to 25 AB, 235 discharge numbers for each PR or AB vary resulting in potentially different statistical variability of the φ-q-n patterns. For reliable statistical evaluation, 95% CI for different PR 237 and AB sizes were obtained over large φ-q-n samples as summarised in Table 1 (φ) . This is attributed to the H n (q) distributions becoming increasingly peaked as the AB 246 sizes are reduced.
247
2) The sk and ku mean values and CIs of the H qn (φ) appear to show higher sensitivity levels 248 to different PR sizes than AB. As the PR increases, PD patterns become flatter across the 249 phase dimension resulting in statistical changes. 3) The cc is sensitive to different PR and AB sizes, but no defined variation trend is visible 251 across the various geometries considered. This is due to several factors affecting the cc which 2) Secondly, the first strategy was repeated except that the testing was carried out with 269 25AB and 50AB φ-q-n data but all at 6° PR. This aims at determining whether the 270 SNN and ENN can still capture statistical variations that may arise from a different 271 AB resolution of the φ-q-n patterns. To improve the situation, this paper applied statistical measures such as the average, variance 279 and standard error of the mean (SEM) for the SNN and ENN comparison[15] .To obtain a 280 certain degree of precision on the classification outcomes and as used in a previous paper, 
Results and discussion
285
Similar to previous research work [1, 15, 24] ,statistical measures extracted from φ-q-n 286 fingerprints at different resolution dimensions form the input fingerprints for SNN and ENN 287 evaluation. To classify and discriminate these extracted statistical features, as a case study, 288 this paper considered surface discharge in air patterns as the training set, while testing was 289 carried out with the same surface discharge data and other PD faults of different PR and AB 290 dimensions. Six generated φ-q-n datasets, Data 1 through to Data 6 are shown in Table 3 . 352
The change appears to be more visible in the SNN and ENN recognition rates when the 353 AB resolution size is changed from 100AB to 25AB rather than 50AB. For both results clearly show that they can detect slight changes in resolution sizes of these patterns.
393
Additionally, the results shows that the ENN, being more capable, is more sensitive in 394 capturing several resolution changes. These results imply that for practical PD recognition 
567
PR and 100 AB and tested with the same surface discharge and 3 other PD faults but at 6° PR and 100 AB. surface discharge in air φ-q-n data at 6° PR and 100 AB Data 2 surface discharge in air and 3 other PD faults φ-q-n data, all at 3° PR and 100AB Data 3 surface discharge in air and 3 other PD faults φ-q-n data, all at 12° PR and 100AB Data 4 surface discharge in air and 3 other PD faults φ-q-n data, all at 15° PR and 100AB Data 5 surface discharge in air and 3 other PD faults φ-q-n data, all at 6° PR and 50 AB.
Data 6
surface discharge in air and 3 other PD faults φ-q-n data, all at 6° PR and 25 AB.
